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Genetically modified crops produced by biotechnology methods have provided grower benefits since 1995 including improved protection of crop yield, reduced input costs, and a reduced reliance on chemical pesticides (Klumper and Qaim, 2014) . These benefits have driven annual increases in worldwide adoption of GM crops, with the largest number of hectares being grown in the Americas (ISAAA 2014) . In 2014, the majority of global biotech crops were planted to soybean (90.7 million hectares), maize (55.2 million hectares) and cotton (25.1 million hectares). Herbicide tolerance and insect resistance traits are by far the most widely commercialized biotech traits. Of the 181.5 MM hectares of biotech crops grown in 2014, approximately 43% (79 MM hectares) contained insect resistance traits alone or stacked in combination with herbicide tolerance traits (ISAAA 2014) .
Among insect resistance traits most commercial events are based on 3-domain crystalline (Cry) or vegetative insecticidal proteins (VIPs) from Bacillus thuringiensis (Bt) ( Table 1 ). The long-term success of these traits has depended on the use of insect resistant management (IRM) strategies to delay insect resistance (Gould 1998) . Today there are several examples of insect pest populations that have evolved resistance to one or more Bt traits due to multiple generations of selection arising from deployment of these crops (Carriere et al. 2016) . Field-evolved resistance to Bt proteins in crops such as maize and cotton requires new tools to manage the affected insect populations and continue to derive benefits from these Bt crops. One approach to counter insect resistance to single traits is to combine (pyramid) two or more proteins with differences in their mechanisms of action (MOA) that are effective against the target pest(s). For example, SmartStax® maize was the first pyramided Bt crop offering protection using two distinct mechanisms of action (Cry3Bb1 and Cry34Ab1/Cry35Ab1) against the western corn rootworm, Diabrotica virgifera virgifera. Classes of proteins that are not cross resistant to currently commercialized insect resistance traits, and control other pests not controlled by current products, are needed. Table 2 depicts some of the non-3-domain insecticidal proteins currently in various stages of trait development.
Table 2. Non-3 domain insecticidal proteins in commercial development pipelines
The 3-domain group of insecticidal Cry proteins has been the subject of extensive study over many years, including the first structure that was published in 1991 (Li et al. 1991) . In contrast, our knowledge of non-3-domain toxins is far less advanced. Understanding of the mechanisms of action of these new families of insecticidal proteins will be greatly facilitated by elucidation of their structures. Knowledge of structure and function may allow toxin modification to modulate and retarget their activity, help to delay resistance development to existing traits, and also contribute to predictions of their specificity (target pests and non-target species) that can be validated through experimental testing, and when history of safe use (HOSU) information is Given the increasing number of insect resistance traits with elucidated protein structures we anticipate this area of research to be actively discussed in future meetings such as SIP.
Since the 2014 SIP Symposium, peer-reviewed manuscripts have been published demonstrating 1) numerous new insecticidal proteins are being developed to control insect pests and 2) their structures have been elucidated, and integrating this structural information with biochemical and bioinformatic analyses can enable testing and identification of structural and functional domains responsible for toxicity and specificity (Carriere et al. 2015; Dementiev et al. 2016; Gowda et al. 2016; Kelker et al. 2014; Xu et al. 2015) . New information on insecticidal protein structure and function is being used to select candidates for crop improvement based on predictions of target pest specificity and non-target organism safety, and is important in designing effective pyramids for resistance management. Structure/function information is being further exploited to engineer proteins with improved attributes for broader pest specificity and increased potency while maintaining safety to other species.
In this Special Issue, there are 11 manuscripts that represent presentations from the 2014 symposium, the 2015 workshop, or relevant topics such as specificity and hazard ( One of the major conclusions of the 2015 workshop was that bioinformatics can take advantage of sequence, structural, and functional information, to characterize each protein domain individually, as well as whole proteins, to help inform the tiered approach to hazard identification for the protein safety regulatory assessment (Fig 1.) . The basis for this tiered approach is the long known understanding that protein function is derived from the tertiary structure of protein domains, with each domain responsible for different aspects of protein function. The various domains have different impacts on species/cell receptor specificity, and therefore can impact biosafety (positively or negatively) in environmental or agricultural uses.
For insecticidal 3-domain Cry and aerolysin-like beta pore-forming proteins, some structural/functional domains are involved principally in forming the pore or in oligomerization, while other domains are demonstrated sites of specific cell receptor binding conferring specificity. Therefore, including differences and similarities in the receptor binding domain (that can be elucidated using bioinformatics) into the tiered safety assessment paradigm should increase our ability to predict safety in insecticidal proteins new to GM crops. 
